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Foreword 



The design of school facilities should reflect the demands made. upon such facilities by 
those who use them the most: the children and-their teachers. However^ a melding of the 
educational program and adequate facilities to house the program does not happen by 
accident; it must be pbnned. This document was prepared to help those involved in 
planning good lighting facilities for our public^schools. 

The school facility in which students and^ teachers are involved in the learning process 
should be attractive and comfortable^ and it should be designed for the most economical use 
of indoor and outdoor space. One of the most crucial design elements of a school facility is 
the lighting. The utilization of solar and electrical sources of light should be .{controlled and 
directed to visual tasks of learngrs^so4hat^human energies will be utilized most efficiently in 
the learning process. No longer we afford to waiste precious sources of electrical energy 
on lighting systems that make ^seeing difficult-. Students and teachers need balanced sources 
of light so that the eye can comfortably and efTiciently see the visual tasks required in our 
varied educational programs. 

This guide is intended to help school administrators, members of school district governing 
boards^ architects^ and engineers objectively evaluate school lighting systems. It is 
particularly important in these times to make the best possible use of energy sources while 
at the same time providing a visual environment ^oHhe highest quality possible. 




Superintendent of Public Instruction 
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Preface 

The Caiifomia school ligt\tirig design and evaluation procedure described in this 
publication has-provfid^o be a splendid facilities planning tool because it provides a 
step-by-i&tep Jlesign method that> when used properly, results in balanced lighting for school 
facilities. The procedure also provides for a separate assessment and rating for visual 
performance and visual comfort^ making possible calculated options between these two 
basic lighting design factors. 

This document is particularly timely because it points out ways to provide good lighting 
installations with less consumption of electrical energy. The current national concern for the 
c^>nserva|ion of energy makes it imperative that every effort possible be made to conserve 
power resources and to make the energy consumed pay the highest practical dividends in 
positive results. The California school lighting design and evaluation procedure makes a 
significant contribution toward this goal. 

Basically, this document is a designing tool for engineers with specific responsibility for 
illumination. Architects, sichool officials, personnel from revie wing-approving agencies, and 
other laypersons in the field of illuminating engineering are not expected to be able to work 
through the various steps. Their part in this lighting design and evaluation procedure is to 
understand the options wotked out by the engineer and to participate in the judgment and 
i priority -set ting functions presented by the engineer. The architect and other responsible 
agents signify their understajiding and^. approval of the agreed upon solution by signing the 
two-page '*Ba$ic Data and Grading Form for Proposed Lighting System." 

This document is the direct result of the cooperative efforts of the Bureau of School^ ^ 
Facilities Planning and persons from the private sector of illuminating engineering. Charles 
D. Gibson, former chief of the Bureau of School Facilities Planning, conceived and 
organized the publication. Bill F. Jones and Foster K. Sampson, bo^fi professional engineers, 
prepared the original document, which was published in 1973; and Mr. Jones assumed the 
responsibility for updating the contents for this 1 977 edition.. 

The contents of this document have been presented to and reviewed by national technical 
organizations and committees and many individual consulting engineers concerned with the 
improvement of the visual environment in educational facilities. ^ , 

We are grateful to all of those who helped with this publication. 

WiaiAM D. WHITENECk" JACQUE T. ROSS 

Depury Superintendent ^ Associate Superintendent: and Chiefs 

for Adminfstraticn , Division of Administrative Services 

JAMES H. ORSBURN 

Chief Bureau of School 
Facilities Planning 
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introduction 



The design and evaluation procedure outlined in this publication is based on the 
fundamental principles that were "expressed in previous recommendations wT^t^t were 
based on the bt^t cunent knowledge of the many related aspects of the visual envircmiiient. 
From time to time the emphasis has changed from footcandle levels to luminance ratios^and 
combinations of the two. In each instance^ however^ the purpose was to provide design and 
evaluation procedures for comfortable and adequate seeing conditions. The difference in 
these previous "practices" were in the degree of emphasis placed on the many factors that 
together make up the environment. 'rtiesbSsic characteristics that provide for visual comfort 
and adequacy ^are the same regardles^of uie environment or the task to be accomplished. It 
is still true that in those circumstances 'imwhicK close visual work is not required, the 
quantity and quality of illumination are less i titicul. Although ttf^hysical requirements of 
some specialized jcl^ssrooms are quite different, the qualitiesyihat^ make for a visually 
comfortable room remain the isame, even though the level anp the quality of illumination 
might be somqwhat different. As far as this procedure is concerned, the recommendations 
are for typical classroom conditions where close visual ^otc is conducted over extended 
periods of time. ^ — 

Since the^ last m^or revision of the cecommendations for school lighting, several 
advancements have been ^.made in research and ligliting design- procedures. The new 
procedures provide a more accurate basis for methods of evaluation. The basic principles of 
comfort and adequacy apply today as they- did in the l^t. It is still desirable to minimize 
. extremes of luminance, whether they be high or low. Also, the adequacy of lighting in terms 
of levels of illumination is more completely understood now that more information is^ 
available on losses due to veiling reflections in pencil handwriting. 

Recent research has shown that losses of visual accuracy because of extremes of 
luminance within the environment are based on average luminances and their location in 
relation to the viewer rathe^^'than on the maximum luminance of any 1 square jnch, except 
in extreme cases: SmalijJsnght areas apparently do not cause any serious loss in vision or 
comfort unless the luminance in such areas exceeds by thi^e or four times the average room 
luminance. For the^ purpose of avoiding undesirable luminance differences, most interior 
surfaces should be finished with materials of high reflectance. White ceilings with 80 percent 
reflectance are essential. The upper wall surfacershould be white if possible. If it is desirable 
to introL jce a color, the color should be one of hi^ reflectance. The use of reflectances as 
high as 80 percen I is recommended so.that uppeif^Us can be effectively utilized. However, 
no large areas of wall at heights of less than 7' (2^13 m) should have reflectances exceediiig 
50 percent. High reflectance in such areas provides a background that renders faces and 
objects less bright than the wall and therefore reduces visibility. It is also a potential source 
of glare. Small areas of chalkboard^-less than 10' (3.05 m) in length— will create no serious 
loss even if the reflectance is less than 25 percent, but this higher value is more desirable 
from a Comfort standpoint. Tackboards, unlike chalkboards, need not be of low reflectance 
and should approach the ^reflectance oC the adjacent walls. Colors and textures should be 
selected by the architect or interior designer fo produce an aesthetically pleasing 
environment. This should and can be done while maintaining reasonably high reflectances. 



particularly on 'large areas. Floor materials shouldhave a minimum of 25 percent reflectance 
so that wide Itiminance differences a^e avoided between light colored tasks on the desk^and. 
the visually adjacent area of the floor. * " . " ; > 

, Although this document deals basically with electric lighting systems^ some of its design^ 
considerations also*are applicJible to systems using daylight as the prime light soured. The; 
concern for the iconservation of eneiigy in this country has seryed to bring daylight bacic as 
ar potential energy source for interior lighting.<iesign. If "natural lij^t"isused> it mustlmeet 
the same fundamental requirements applied to electric, light sources: Objectionable glare^ 
poor light distribution^ and a general imbalance in the visual environment must^be 
prevented. " , ^ . \ — 

Metric equivalents in parentheses aret mcliided in partroT .the text in conformity wiih~ 
^rreAt practice and m anticipation of the conye]^on to the metric system in this country^. 




8': 



8 



Who Does What? 
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This section contain^^ descriptions 'of the responsibilities of the client, Bureau of School 
Facilities Planning, architect; and engineer. . ^ 1 / ^ \ - 



1 



■ ^ i TheCUerit \i :\ , 

, . ^ - I I ■ ^ ■ J 'r^' '■ ^ ■' ■ ■ 

Since the design procedure involves judgment and exploration ofi^^ilternative soluJionsTEb * 
the design of the luminous environment, the client, represented by ihe policymaking and 
administrative officers of the educational organization for which a facility is being designed, 
becomes directly involved in decision making* particularly in 4erm^ of performance and 
expenditure i)rionties/ ; iv V, , . ' . : t "7- ** 

^To .ensure the use of the design and evaluation procedure* the client sliould.ixicorporate a 
request for >ts use in the contractual or wntfen instructions to the project architect. As the 
^prelimiftary desi^ phases of the building ^lan progress* the architect and the .consulting 
engineer should involve the client in the discussions, of the proposed solution or attemative 
solutions being con^dered for lighting sy^stems. In this role the client does nbt need to 
Ftfesume any architectuial or engineenng competence since the solutions under |considera*. 
tion would be explained to him or her in lay terrm. . * 

The client should* be especially aware of the modiHers-the factors that may improve or 
reduce the quality and ^quantity of any lighting system-and the characteristics that make 
for the best possible lighting system: ' ^ * , ; ^ 

1. Reflectances * - . ■ 

■ a. Ceilings slfguld ber, white or light colored* with a reflectance otSO percent or higher. 

b. Walls shouiH^^^hite or light colored. Their reflectance should be 80 percent or 
higher above ^?*?(2.13 m) and about 50 percent below T (2.13 m). The average 
reflectance fo^the total wall should be about 70 percent. 

c. Floors should have a minimum reflectance of 25 percent. A higher reflectance is 
very desirable, however. 

2. Fixture brightness ^ : ^ " 

a. In a large room the fixtures should be recessed^ or the ceiling and lighting system 
should be designed so that the Hxture brightness is not high at angles close' to the 
line of sight. < * . ^ 

b. The brightness of the Fixture should be kept low. In. a standard two by. four 
fluorescent fixture^ more than two tubes.will result in affixture brightness that is too 
high. 

3. Ceiling height ^ ^ t ^ ^ ^ 

^ With a standard recessed ceiling fluorescent fixture* a ceiling height of 12' (3.66 m) is * 
usually better than a ceiling height of 8' (2.44 m) since the extra height allows for ( i\) 
more wall area for reflectance and, thus) more even distribution of light; and (2^ 
increased comfort since the fixtures are farther from the line of sight. The additional 

' wall area may have a light reflectance of 80 percent or higher. 
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— 4r^steess^lHtiminanee-4win4ows)- — — — — — * 

a. Window treatment ipust be such that no direct sunlight fails on the work plane. 

b. Window treajtment should allow the entrance of only that daylight necessary to 
achieve the lighting goals. Excess amounts of daylight cause glare and heat gain. 

5. Nonunifomiity of illumination, (general lighting only) ^ - . 

a. The fixture typ^ selected and the layout should be compatible with the room design 

V. and configuration, , , . / / 

y b. Tte fixture^ should be of such desi^ and ma,nufecture and located at a proper 
height so that each fixture produces an even pattern of light within its area. ^ 

c. The fixtures should be arranged in a pattern or array that provides for even 
distritjutiori of the total light throughout the room. , 
jfecent and "effect" lighting should be kegt to an absolute mininjum.^ 

^ The cljent^s^ part in the final decision^makiitg process involves understanding the 
performance options being considered and (he budgetary significance 6f each alternative. 
During the decision-making process^ questions like those in the example, below would be 
unswer^d. Example, The difference between and A and a B rating for visual perfprmance is 
rS centVper square foot of instructional area, 

1 . C^es the client wish tolncrease the construction budget by the 1 5 cent amount? 

2. Could some other element in the proposed plan be changed in quality or quantity to 
> "produfce** the 15 cents per square foot? ' ' 

3; Could some element in the platis be eliminated entirely to produce the neer*ed funds? 
4- Ip an A rating desirable enough to wam^nt any change in the plans or budgets - , 

/ ' 

'By participating in the final decision-making process^ the client will become far better 
informed about the relative values of many of the building components. The client will also 
become tn}xch more mvolved in the total planning process and will achfe\'e a better 
understanding of the educational and cost implications of the various major elements of the 
faculty design- ' ' * / ' . , - 

, * , J The Bureau of School Facilities Planning . ' ^ 

Educ^tionf Code sections 39100, 39101 *and 81Q50\(1530! and 15302) require the 
Departn^^nt^bf Education to ^stablish^ standards for school buildings.^ They further require 
the Department to review all plans and specifications for school buildings, in every district 
required to^^ submit plans and specifications to the Department /for approval. The 
Department has placed responsibility for the establishment and administration of these^ 
requirement^with,the Bureau of School Facilities Planning.' , . 

It is important to recognize -that the Bureau of School Facilities Planning has interpreted 
the intent of the statutes mentioned above to meah that it should prepare recqmm^iidations , 
that may be considered by local autiiorities during the pjanning and pfejliniinaiy phases pi 
eaph project. Hopefully^ as many of the reco^mmendations as possible y^U be incorporated 
into each project on the basis of the adequacy qf each tecommen^dation. in .meeting jhe 
educational and economic needs of the local jprisdictiori^ / ; 

' Opon request^ the staff of the Bureau of School Fadlities Planning wprfcs directly with. 
* school officials^ architects^ and engineers to assist in the planning of educational facilitl^s^ 
preschool through senior high schopl levels. The ability of the bureaus staff to make a 

The Education Code wjis feotganized in 1976, Fkst refetences ate.to 5ectk)n mimben z% they appear in the teofieaniz^d 
code (Asiembly Bill 3100^ Chapter 1010^Statute3of]976^aj amended), which became effective on April 30, 197i.^e(^tion 
mimbers in patcnthescs are ffom the 1973 code as amended. . V - ' 



project, the development of the district master plan» site selections^ and educational 
progrs^nuning. The services of the bureau are available to districts even when no formal 
approval is required. * \ 

Wh^ni formal approvals are^retjuired^ bureau staff mil, following participation* during the 
planning phases^ review and evaluate the data presented and approve proposed lighting 
systems on the basis of .both adequate visual comfort and performance. 
^ Staffs. members will also be available to assist architects^ ^ngineers^ and school' aftlcials 
with field-test procedures to be used in checking complete(MightirtgJnstallations. 

The Architect 

The architect is responsible for every phase of a building design buKmust.rely on 
competent assistance in giving at final design decisions each phase. If schctpl lighting 
installations in general/ for example^ are to be improved significantly > the plarming and 
budgeting ^considerations coricerning lighting systems must be given more attention^nd 
tnust be understood by architects. This prediction, specificationj and evaluation, procedibe 
can facilitate the needed understanding if it is useji properl);^ in the planning and 
specification processes, - , . * ^\ ; 

The archit4&ct*s responsibility is to see that competent professional engineering skills.are 
applied during tht; planning phases of a building project. The engineer responsible for the 
electrical phases of a project should ensure tEtat visual comfort (VCP) and performance 
standards (ESI) are met iri the lighting design for classrooms. VCP is the acronym for visual 
comfort probability^ and ESI is the acronym for equivalent 'sphere illuminance. The use of 
the procedure given iri this document will be possible only' if the architect and electrical 
engineer maintain close communication during the preliminary planning phases of the design 
of a prqiect since the engineer must haVe the information necessary to apply pertinent 
modifiers, such as surface reflectance factors, location and type of fenestration^ and ceiling 
heights^ to any proposed lighting system. 

Th^ architect need not be knowledgeable about the technical phas^ of the procedure^ 
but he or she must understand the effect of building design modifiers that raise or lower the 
adequacy of a lighting system in terms of both visual comfort and visual performance. He or 
she also has the final responsibility for whatever lighting, decisions are made for a project. 
The architect's signature, along with that of the professional erigineer, on Bureau of School 
Facilities Planning subntittal documents attests to his,or her knowledge and approval of the 
lighting system.selected, ' . 

^ The use of the design and evaluation procedure allows the design professions to choose 
from among several possible fighting designs and make cpmpromises between visual comfort 
and visual performance so long as the final grade for both categories is acceptable.. * 

the Engineer - / = 

The consulting engineer responsible for the lightirfg design in any given school planning or. 
modernization project represents the real key obtaining the positive results to be gained 
from the use of the California school lighting design and evaluation procedure. This 
procedure basically is an engineering instrument. The other professionals and laypersons 
involved are completely dependent in their respective roles in decision making on the 
information ;ihat the engineer supplies. The degree to which the engineer follows the 
outlined procedural steps conscientiously and thoroughly wilLdetermine the success or 
failure of the resultant design. 

From the steps presented below, it is obvious that the engineer will need to^be in <^lqse 
communication with both the client and the^architect ftom the begitining of the planning. 
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Only the client carl g ive the engineer some of the imprma^^^^ 
the architect can provide other basic design parameters to the engineer. 

The design and evaluation prooedutie covers in complete detail how . the engineer 
approaches arid works through each step involved in the design of a proposed lighting 
system. As th** engineer gains experience in the use of this design insfrument> iie or she will 
Be able to combine or bypass some of the sequential steps presented :below: 

1. Determine the controlling conditions and the design constraints^ 

0 

a. Determine the task to be used as ^a design base« 

b. Determine the g0metry of the-space and of the preferred lighting. " 
^{\) 2'x4'(0,61 mx 1.22 tti) fixtures checkerboard 

* ' , (2) 2' X 4' (0.61 m X 1.22 n>3 fixtures in rows 

(3) Luminous ceiiing ^ : . 

(4) 5ix5'(K52m)coVfers 

(5) Other - / " 
c> Emphasize the following: 

(1) Visual performance 
'(2) Visual comfort 

(3) Aesthetics * ■ 

(4) Other 

2. Set design goals. . ^ . ' 

. a. Set a goal for the visual comfort probability (VCP) rating or the relative visual 
comfort (RVC) level. ■ 
b. Set a goal for the equivalent sphere illuminance (ESI) leveL 

3. Formulate a trial system (select a promising combination of design factors). 

, a. Review the existing literature. ^ 
_ y_ Formulate, on a qualitative basis> what 'the system apparently should be. 

3* \ 4. Determine the VCP rating or the RVC level. 

> " \ a. Select a base'value. 

\ . b. Determine the applicable modifiers. 

' c. Compute the modifiers. / * " ■ 

d. Add the base value and modifiers to obtain a VCP rating or an RVC level. 

" 5. Determine the ESK ' r " 

a. Determine the ESI rating desired. 

b. Bstimate or calculate a rough ESI rating. 
\ ' (1) Tables for similar systems 

.(2) Estimate from system characteristics 

^ ^ .6i>Compare tlie determinations with the design goals. 

. 7. Adopt, modify, or reassign the system. 

8. .Compute the final VCP rating or RVC level. 

9. Compute, by computer, the final ESI leveL 

^ \^ 10. Fill out the bas^c data and grading form for the proposed lighting system. 
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Visual Comfort Evaluation 

Base Value I 

After several years of study and evaluation* a procedure has been refined that takes into 
account the size, .location, and luminance of all areas in the visual environment. After a 
complex series of computations, a visual comfort probability (VCP) rating can be 
established that indicates the percentage of people who would be comfortable working in a . 
particular environment. As originally conceived* the method of determining the VCP 
provided for conlputatior^s based on recessed luminaires only. However, by an extension^ 
luuiinous ceilings may also be evaluated. In either case the computations are lengthy^ and 
the best^^and most accurate method of applying the system is by the use of a computer. 
Programs have been established and are available in some metropolitan areas. The precise 
details of the proposed system an<{* environment must be used. These include the lighting 
characteristics of the luminaire, number and configuration of .hmmaires^ room size, 
reflectances of atl surfaces^ and a<^tual level of illutninatioh desired. The rating derived will 
be an accurate VCF value and will require v no modification as far as {he electric lighting 
System is concerned. This true VCP rating is conside^d as Base Value K Other factoi^ within 
the ^e|ivironment» independent of the electric lightingVwill be described later. Those factors 
may or may not modify Base Value I. / ' ^ 

'Other Base Values ■ . , . 

When it is not feasible to obtain an actual VCP rating, any of three other methods may be 
used to establish a "base v^ue," from which a modified VCP can be developed. However^ 
one should bear in mind uhat the VCP method of evaluating the comfort of lighting 
. instalf^tions is the accepted method within the lighting profession. When» for convenience* 
modifications are. made to 'true VCP ratings* the result is called relative visual comfort 
(RVC) to distinguish between the value established by accepted procedure and that 
developed by modification of computed values. The other base values are based on accurate 
VCP computations of comparable lighting systems* and the resulting values correlate closely 
with, a computed VCP based on the same conditions. After one pf the four base Values has 
been selected for use* several modifiers ;nust be applied before the final RVC is established. 
These modifiersarid their method of application are described later in this document. 

Bise Value 11 

Base Value 11 is the second mo^t accurate ratings It is established by the use of actual VCP 
tables supplied by many man ufac turners for their particular luminaires. In most cases this 
information is based on spaces having reflectances of 80 percent for ceiling, 50 percent for 
walls* and 20 percent for floor cavity, and for 100 footcandles (fc) (1,076 lux). The- VCP 
values^re.^bulated,to show the different rating$ for a wide variety of room sizes and ceiling, 
^heights. Obviously* these tables must be for the luminaire that is to be used in the proposed 
design. From these tables one can select the VCP rating for the conditions that most closely 
match those of the room being evaluated, * ' 



fii^ Value III ^ ; 

When a true VCP rating or a VCP table for tfte luminaire proposed for use is not available^ 
alternative methqds of calculation can be Msed. Base Vatue III applies to two basic types of 
systems: direct lumihaires and luminous ceilings. Rtcessed luminaires or surface-mounted 
juminaires with less than 15 percent uplight are rated as direct luminaires. The VCP value 
for direct luminaires^ in Table 1 is a computed base VCP value for a 30'x30' x 10' (9.14 mx 
9.14 m X 3,05 m) room in which the effective reflectances of the ceiling^ wall^ and floor 
cavity are 80>50»and 20 foottatnberts (fl), respectively; the weighted average luminance (L) 
of the luminaire is 320 footlamberts (1*096 cd/m^); and the level of. illumination is 70 
footcandles (753 luX). It has been found that the VCP for direct luminaires does not change 
appreciably iiyA 30* x 30' X^IO' (9.14 m x 9.14 m x 3.05 m) room as the level of 
illumination <s varied from 70 to 150 footcandles (753 to 1,614 lux). The. method of 
computing Lis gutlined in Appendix L 

Also incUided in Table 1 are the. VCP ratings for luminous ceilings providing 70* 100* and 
150 footcandles (753* 1,076* and 1,614 lux* respectively). These values were computed for 
the same basic room conditions. As one can see, as the level of illumination is. increased 
from 70 to 150 footcandles (753 (o. 1,614 lux), the ceiling luminance increases 
proportionally* and the resulting VCP rating isifeduced. Thtese luminous ceiling values apply 
to totally ^ldirect systems* wall coves* and 'diffusing luminous ceilings for the calculated 
Values of illumination* with interpolation as necessary. To qualify* a system must cover at' 
least 80 percent of the ceiling airea. If this is not the case* the fixtures are considered as 
direct luminaires and rated accordingly. 

Modifiers Will be described later for those systems that do not conform to the basic 
conditions on which base values III and IV are established. 



.TABLE 1 

Computed VCP Ratings for Ditect Luminaires and Luminous Ceilings 



. ^ = Fixture 


Footcandles Oux) 


VCP 


I : -Diiect tuminaires 




. 74 


Luminous ceiling 


70 (753) 


86 


^- Luminous ceiling 


—100 (1,076) 


81 ■ 


V Lumilf^m^iting 


ISO 0,614) 


, 74 



Base Value 3V \ 

The present VCP rating system does mi provide for a method of rating surface-mounted 
luminous-sided units with more than 15 percent uplight or suspended luminaires. For such 
luminaires extrapolations from the basicfVCP data have been made to prepare Base Value 
IV.'(See'.Table 2.) The VCP can be determined from the follo\wng factors; 

1 . Ratio of uplight .to downlight from the luminaire f 

2. Level of illumination ^ ^ . 
3* L of the luminaires 

A close study of the fclWing; data shows the effect of each factor as interrelated with 
the others. The method of computing L for both surface-mounted and suspended^ luminaires 
is given in Ap^ndix I on page 17.^ ■ ^ ^ 

By one of the four procedures described for establishing a bas^^ value^ any system of 
electric lighting applicable to schools can be given a basic yalue» which is a starting point for 
determining the final RVC rating* ' 
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TABLE 2 

Fjttrapolated VCP Ratings for Surface'Mounted Luminous Sided Units witii More llian 
15 Percent Uplight and Suspended L-:minaic«3 





70fc(753Ix) 


100fc(l,076Ix) 


150 fc (1,614 Ix) 


Up/ down 
uj4triouiivii 


200 n 

(6S?r 


L 

320 fl i 
(L096) 


440 fl 
(UO?) 


20011 
(685) 


t 
320 fl 
(1.0^6) 


440 fl 
(1.507) 


200 fl 
(685) 


t 
320 fl 
(1.096) 


440(1 
(1.^07) 


100/0 


86 


86 


86 


81 


^1 


81 


74 


74 


74 


80/20 


85 


83 


81 


81 


79 


77' 


76 


74 


72 


60/40 


84 


80 


77 


81 


77 


74 


■ 77 


• 74 


71 


40/60 


84 


78 


74 


82 


76 


72 


78 


74 


70 


20/80 


83 


76 


71 


82 


75 


70 




74 


69 


0/100 


82 


74 


68 


82 


74 


68 


80 


74 


68 



NOTE: Interpolate as lequUed for L and footcandles^ 
^Numbers in paicnlheses are candelas per square meUe (m 

Modifiers 

The modifiers described below are applicable to one' or more of the base values. A 
checklist that shows the base values to which each modifier shall be applied is provided on 
page 13, ^ ,~ : 

^ Modifier f-Wall Reflectance 

Modifier I is 'the variation from the standard wall reflectances used in the basia 
calculations. (See Table 3.) The method by which th^ wall reflectances given below weref 
established isUescribed m Appendix II on pag^ 19. 

TABLES 

Values for Modifier I-Watl Reflectance 



Percent of wall reflectance- - 


Modifier 


70* 


+3 


60 /- 


+2 • 


50 ■ / 


0 ■ ■ 


40 


-1 


30 


-3 


20 


-5 


10 


-7 



* Achieved by high upper wall reflectance only. 



Modifier II-Ftoor Cavity Reuectance .^^ ^ 

l^loor cavity reflectances vary depending on the reflectance of the floor covering and the 
side walls below the standard 30" (7.62 cm) table height that is accepted for design purposes 
as normal for, all schoolrooms. It is clear from the data in Table 4 Jthat the floor reflectance 
is very important in maintaining an acceptable comfort rating. 
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TABLE 4 

Values for Modifier 11- ^oor Ctmty Reflectance 



Percent of floor cavity reflectance. 


Modifier 


30 / 


+3 


20 . ■ / 


0 


10 


-3 



Modifier Ill-Room Size 

The loss of comfort due to increasmg the room size froih_^0' x 30' x 10' (9.14 m x 9A4 
m X 3,05 to 60' x 60' x 10' (18,29 m x 18.29 m x 3,05 m) can be provided for through 
application of ModifierilL (See Table 50 In the larger room more luminaires are in view^ 
and the comfort rating is lower. ^ ^ / 



TABLE S 
Value for Modifier Ill-Room 



Room size 


'ModtHer ' 


60\t 60' (18.29 mx \k'.29 m) 


' -3 . . 



Modifier IV-CeiUng Height 

. The comfprt rating of all Systems changes slightly depending on'the ceiling height. (See 
Table 6.) 



- TA9LE 6 
Valueii for Modifier IV-CeOing He^t 



Ceiling height, in feet (and metres) 


ModtHer 


8(2.44) 




10(3.05) 




12(3.66) 


+1 



Modifier V-WeJi^ited Average Uiminance (L) ... * 

' The last of the modifiers that applies to the electric lighting system is Modifier V, which 
pertains ta the weighted average luminance (L) of the lummaires being proposed. For base 
values I) 11) and IV, actual luminances were considered, .However, Base Value III was 
established f6r L of 320 fl (1,096 cd/m^). Modifiers must be applied if the proposed units 
are different. In this case Modifier V is established as follows: 

. ' Modiner V ^ 320 fl - 1 , 0 ,096 cdK " P ^ 

' • Modifier V 20 ( 68,5 ) 



For example^ if the luminaire irTquestiOn has an L of -200 footlamberts^^theLmodifier 
would be 320 fl - 200 fl 20 - +6, From this, one can see that the luminaire plays a large 
part in the visual comfort of any system. Any t in excess of 320 footlamberts (1,096 
cd/m^) will result in a negative modifier: (See Table 7^ This modifier should not be applied 
to luminous ceiling values in Base Value III or luminaires in Base Valued IV because^ these 
values were determined on the basis of the luminance. 
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TABLE 7 
Values for Modifier V- 
Wdgltted Average Luminance (L) 



L in footlamberts 


Modifier 


200 . 


+6 


240 


+4 ■ 


280 


+2 


320 


° 0 


360 


-2 ^ 


400 


-4 ' 


440 


-6 ■ 



Modifier VI--£Kcess Wall Luminstice 

For the VGP and RVC ratings described previously, theiJources of high brightness are 
lumin^es installed )n or on or suspended from the ceiling. The ratings are based on the 
overall VCP concept, which takes into account luminance, size, and location. No procedure 
ha^ been suggested for taking into account high luminances on the walls. The recommenda- 
tions given below are based on resWrch and experience^ 

There is, ample evidence of measutable losses in yisual accuracy because of transient 
adaptation when the luminance of a large area exceeds Tive times task luminance. Inasmuch 
a^ potential- sources of high luminance on the walls are often immediately adjacent jo a 
visual task and may be in or near the li^e of sight for an extended period of time, it is 
recommended that areas greater than 1 square foot (0.09 m^ ) be limited to five times task 
luminance. The possibility of an extreme'case can be avoided by imposing a limitation of 
ten times-task luminance for, any area ot 1 square inch (6.45 cmO or larger for all wall 
surfaces. ^ . ^ 

In the determination of the area of surfaces in which the luminance is iugher than task 
luminance^ an area that is less than 3** (7.62 cm) in its smallest dimension need not be 
included in the case of the I square foot (0.09 m^ ) limitation for five times .task^luminance. 
This narrow band of luminance must not exceed the. limitations for areas^ of 1 square inch 
(6.45 cm^) or larger. If surfaces on'walls exceed these limitations, a two-point negative, 
modifier must be applied for each full number niultiplier in excess of the limitation. (See 
Table 8.) For example, a source greater than^l square foot (0.09 m^ ) in area, which is seven 
tim^s task luminance, would call for a four-point negative modiHer, two points each for the 
two whole numbers over 5. Obviously > areas of high luminance that are larger in size than 
those mentioned will create poorer conditions and should be further penalized. However, no 
additional negative modifiers are included at this time. 



TABlE 8 

Values for Modifier >^-Excess Wall Luminance 



Excess wall luminance 


Modifier v 


^ Over 1 square foot (0.09 m^) 


-2 per whole number over 5 


Over i square inch (6.45 an^) 


per whole numberover 10 



Modifier Vll-Window Luminance ^ 

^^TRe Tystem of evaluating for^conifprt has been, to this point, directed specifically at the 
electric lighting system and room reflectances. Other potential sources of glare are the 
windows. Their luminance, large area^ and extremely important location, often in the direct 
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Un^ of sight x>r many or all students* make them a major factor for consideratioo. The 
principles that determine comfort apply to daylight as well as to electric light sources, and 
for this reason the maximum luminance of any area viewed through a window is limited to 
five times task luminance. The methods of luminance control are dependent on the 
circumstances Ipf the specific locations; and the desired result might be achieved by 
well-placed trees> fixed shielding devices* or low^transmission glass. If adjustable shielding 
devices are used Jor window light and g!are control^ they must be mechanically controlled so 
that4hey do not expose the sky brightness to the students. If this is not the case^ and the 
devices are capable of b^ing improperly adjusted* the sky brightness of 2>000 footlamberts 
(6,S50 cd/m^) shall be used as an average. In all cases an additional. two-point negative 
modifier must be included jf no provision is made to Exclude direct sunlight from the room 
during normal daytime school hours. (See Table 9.) The glare created within a classroom by' 
direct sunlight, even through .low-transmission glass> is intolerable^ and every effort must be 
made to prevent it. 

TABLE 9 

Values for Modifier Vll-Window Luminance 



Window conditions 



Modifler 



Luminance limits over 1 square foot (0.09m^) 
Direct sunlight into the room 



-2 per v^^ole number over 5 



Modifier Vtll-Nonitniformily of IIIuTnination ^ 

One other iightinjg system characteristic that i^' of importance in classrooms is the 
uniformity of the illumination level. Since task luminance is a factor in both visual comfort 
and visual ' peirformance> it i^ important that the illumination level not vary greatly 
throughout the seating area of the room. ^ 

If the 'task luminance at the point in the room with the lowest level of illumination is less 
than 70 percent of its value at the point where the visual comfort is calculated^ one^can 
expect that both visual comfort and transitional adaptive effects will be measurably affected 
because of the lower luminance ^t that Ideation. Research indicates that changes in visual 
comfort as -high as 6 percerit can be expected with a drop to 70 percent of the average 
illumination. Ther]pfore, any variation in excess of this value should be penalized. A modifier 
of "3 is to, be added to the RVC computation if the illumination at the lowest point in the 
normal seating area (anywhere more than 4' ( 1 .22 m) frorn the walls) is less than 70 percent 
of the average. (See Table 10.) These values can be calculated as described in Appendix III 
on page 20. ^ , > 

TABLE 10 

Value f<w Modifier VIll-Nonunjformily Illumination 



Nonunifonnity of illumination 


Modifier 


Minimum illumination less than 70 pe^ent of average illumination 


-3 



Modifier IX-Maximum -to-Average Luminance Ratio * 

Luminaires should have a maximum-to-average luminance ratio not to exceed 5:l<at 
angles of 45^, 55^ ^ 65**, 75^^ and 85** from nadir. If the luminaire exceeds this ratio^ a 
modifier of -1 shall be added to the base values for each of the above angles at which this 
Vatio is exceeded. (Sec Table 11.) 
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TABLE n 




Vahie for M(MUfkrIX-Maximtim*to4Mtitimum Ratio ^ 




Lumimnce ratio 


Modifier 


Exceeds 5:1 luminance ratioat anglesof 45*,55*,65*,75*jand85* from nadir 


-1 


Summary ' ^ 



The system of RVC calculation can be summarized as follows^ A base value is obtained 
and thein adjusted by modifiers "that account for variations from the base conditions. Chart 1 
is a checklist of the nine modifiers. It indicates the base values to which each must be 
applied if such modification is required by the concept being evaluated, \ 

Step-by-step explanations of how to determine the fmal RVC ratings from the four base 
values and the nine modifiers are included in Appendix IV, , 



' CHART 1 
Modifier Checklist 



Modlfler. 


Quality ^ 




Base values ; 








III 


IV 


I 


WaB reflectance 




X 


X 


X 




Roor cavity Reflectance 




X 


X 




III 


Room size 






X 


X 


IV . 


^ Ceiling hei^it 




X. 


X 


X 


V 


L (weighted average tuminance) 






X* 




VI 


Excess wall Itimitiance ^ 


X 


X 


X 


X 


' Vll 


Window luminance 


X 


X 


X 


X 


VIII 


Konunlfomiity of illumination 


X, 


X 


X 


X ■ 


^ -ix 


Maximu%to-average ratio 


X 


X 


X 


X 



*Does not apply to luminous ceiling* in Base Value HI* 
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Field Evaluation 

Because of the complexity of the variations m the luminous environment^ no meters are 
available to measure visual comfort directly. Fo^ this reason a procedure has been developed 
for use in determining compliance between the suggested design and the completed project. 
This procedure is described in Appendix V. 

The many interrelated factors that affect visual comfort make it most difficult to evaluate 
accurately each element^^£4he visual-environment. The recommendations in this dociiment 
provide reasonable values based on accepted practices and basic research.'The desired result 
is a visual environment H which there are no excessive luminances; that is^ no luminances 
that are excessively higher or lower than ^that of the task. One must Apply, good judgment 
^'knd reason in.making an evaluation. If this is, done honestly^ with the design goals^kept in 
view, .the rating will be sound. lU on the other 'h£aid» every point of the evaluation is- 
stretcheiJ to its ultimate and every loophole is used to its greatest advantage, the results may 
be unfortunate. \ " . 

A major advantage of the procedure is that it requires the engineer and architect to work 
together duijng the design stage— to make decisions and recognize their ultimate effect. The 
procedure allows credit for characteristics that are better^ than normal" to provide a 
better^han-average environment or to compensate for any negative aspects. In any case, the 
overall effect of the many 'decjsions can be ev^Iudted during the design eeriod'and can be 
confirmed when the project is'completed, / 
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Visual Performance Evaluation 



The lequiied levels of illumination for visuaj accuracy de^nd oh the size of the task and 
the apparent contrast within the task.'A well*prjnted book, an original document typed with 
a good ribbon, and ink handwriting all require less than two footcandles (21,5 lux) to bfe 
seen with the same visual accuracy that would require 133 footcandles (1,431 lux) for a 
nfth copy typed carbon, or 589 footcandles (6^38 lux) for a poor quality , thermal 
reproduction. Pencil handwriting has been generally accepted as a staitdard for the determi* 
nation of classroom lighting requirements, and the level of illumination recommended for 
reading pencil handwriting is 70 footcandles (753 lux) of sphere quality illumination, 

Sphere quality tllununation, or ESI footcandles, pertains to-th^ degree to which light is 
provided Jto the task equally from all directions, as though the task were placed in the center 
of a uniformly lighted sphere. This specification, is essential for, pencil handwriting because 
the specular quality of the graphite llne^on paper is such that the contrast between the line 
and its background changes radicaUy; under different U^ti^ extreme cases 

where there is a higher concentration of light to the task from the critical area overhead and 
in front of the viewer, the pencil line appears brighter than the paper. |n cases where most 
of the light to the task comes from low. angles, from the sidc^ and rear rather "than from 
overhead, the contrast in the pencil task' appears greater. Consequently, fewer footcandles 
would be required from a system that provides Ught in this rnanner^^^ 

The fmdings from recent studies in many classrooms indicate the extreme importance of 
lighting quality and its relationship to lighting levels. For example, in one rppnt the actual 
level of illumination. on ^e task,,was 135. footcandles (1,453-Iux), but the..quality of 
illumination was oiily 18.3 ESI foofcandles. At tlw other extreme, aroom in which the level 
of illumination was only 1$ footcandles (172 19») had a sphere quality illurninatton of 29,9 
footcandles. In neither case did the illumination approach the ESI footcahdles (753 lux) 
recommended for classrooms. 

Contrast is dependent upon the distribution of light flux within the room,-the ainount of 
flu:^, arid the directions from which the flux falls on the task/ For typical classroom tasks 
illumination from an ar^&a directly in front of the task causes reflectioris that phscure, or 
**veii" one's vision atJd make the' task difficult to see; Illumination frdrh other^eas within 
the room is much more effective in increasing or maintaining the task cont.Kst.Bffective 
system design iTor visual performance, therefore, involves reducing or eliniinating flux from 
the area^ directly in front of the task by controlling the location of Itiminaires, the. 
distribution of light fr6m;them,'br the quality of the light (polarization) jtself/Attentipn fo 
these; ch^cteristics^akes/it pps^ble to estimate the ejfectivenesi of a system prior to 
making an atcurate. determMi^tion by computer. State dVsimpJy^ it is important to get as 
inuch of the illumination' ss^ possible to a point from sources that do not cause veiling 
refletiipns, " ^ - ' ' : . - ' - 

Re^enrstudies ^of classroom lighting systems fiave also shown that many installations 
meet all of^he comfort requirements but that few provide adequate sphere :quality 
illumination, Careful study of the basic concepts of light distribution," luminajre sp^ifica- 
Jion^and^placement i|i^ the room must be inade to provide the required combination of. 
OT^fwt and perfoniianCe< 



Under unusual circumstances a system may be designed that will have a contrast rendition 
factor greater than KOO, providing an ESI rating that is higher than the conventional 
footcandle level. In consideration of the many visual tasks performed in classrooms, other 
than ESI-sensitive tasks, it is recommended that the average illumination level for 
general*Ugh.ting systems be at least 50 footcandles (538 lux), regardless of the ESI rating. 

Particularly for cases in which task-oriented lighting is used» it is possible to design 
systems'with a very high contrast rendition factor (CRF). The validity of the flux-contrast 
system is suspect in such cases, however. Therefore/if the ESI exceeds the illumination level 
by 50 percent or more» its validity should be questioned . , 

In.cbhclusion, the speciflc values established for the VCF or RVC ratings and the methods 
of d^tejpnining ESI make possible the conduct of a preliminary visual evaluation. (See tables 
12 ancf 13.) Because of the completely different factors that affect comfort and the qualities 
that provide for accurate seeing, comfort and performance must be considered^separately 
and must be recognized to be of equal importance. 



TABLE 12 TABLE 13 

Comfort Gnuling Scale ' FerfonnanceCtading Scale 



VCPor RVC rating , 


. Grade 


"ESI rating ' - 


Grade " 


'85 or irtore 


' . A - 


55 or more, ■ 


'. A 


75 to 84 


B ■ 


45 to 54 


B 


65 to74 




^" 35to44 


C ' 


55 to 64 . 


D 


25 to 54 ' 


D 


Less than 55 


' . ■ F ■ 


Less than 25 ' . » 


F ■ 



Alternative Visual Fetfortrtance Design: Task^riented Classroom Lighting Systenjts 

The Bureau of School Facilities inning encourai^es the use of lighting systenis^hat 
provide high levels o? visual performance while using as tittle energy as possible. In such 
cases system designs that pr,oduce lighting oriented to the task position may be utilized in 
glace of general lighting* Designers who wish to use such a system should work closely with 
the staff of the Bureau of School Facilities Planning. The follpwing are the characteristics 
recommended for a complete task-oriented system: 

K The system should be capable ,of producing an ESI rating of at least-5p for specific 
arejis witKin the classroom. The remainder of the area'' should have a minimum 
^ (non-ESI) footcandle levei of 30. - ^ 

2. The systenf should be capable of producing) in a specific viewing direction, an ESI 
rating of at least 50 over an area at least 4' ( 1 .22 m) square. ■ 

3. The system should be, capable of producing simultaneously not less than one such ar^a 
■ for each 1 00 square feet of room ar^a. 

4. The system shoutd be capable of perfphning as described above at any points within 
,the classroom, that is more than 3' (0.09 m) from the walls. 

5. The system should meet all of .the visual comfort evaluation requirements except those 
for nonuniformity of illumination (Modifier VIII). ^ 

6. The syste^ ^should be such that one person can change the configuration to another 
configura]^^. . 



Appendix I , 
Calculation of L 
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L(the weighted average tuminance of a luminaire) Will, in most cases, be available from the luminaire 
manuractuferMfnot, it can be,cotnputed,by one or.the roUowing methods, on the worksheet on page 27- 

1. Average luminancesofthe luminaire available: 

a. Determine the luminaire avei^ge luniinances in the colunm labeled "Average L(n^^ 

b. ^ Multiply the average luminancesby the valuesin the column labeled 'T" 

c. Add the values from the -XX T" colunm.The sum is the L. 

d. Compute the flux ratio test as shown at the bottom orthe wor^ iieet^ and correct 

2. Candlepower distribution of the-luminaire in three planes available: 

Calculate the average luminance of the luminaire at each angle means of the following equation: 
t footlamberti = 452 J (^cd/m^ " LJ 

Lfootlamberts(L q^i^^^) 1^ the average luminance in footla.mberts (cd/m^)^l isthe candlepower of 
^ 'the luminaire atjthe given angle^ and Apis'the projected area of the luminaire 'in square inches(square 
metres). The calculation is done as follows: 

(1) For at! recessed lutninsires with' flat or regrestod panels^ Ap = L X W X cos 9 , where Lis the 
t length, Wis the width, and 6 equals the angle from nadir/ 

(2) For all recessed luminaiies with drop pahels and all surface liyninaires with less than 15 
percent uplight> Ap = LX W^), where Wp is the projected width of the luminaire only^at^ 
the ahglebeittgmeasured. ' ^ 

(3) For all luminaires with more than 15 per;;ent upUght^ surface^mounted or suspended less 

, than 3"'(7^2 cm)> Ap -^L X Wp, where Wp is the projected width of the luminaire plus the . 

ceiling directly above the luminaire of 150 fl (5l4 cd/m^) or more in luminance. In this 
case photometric data must be availat>le for'the luminaire. ^ 

(4) For all luminaires suspended more than 3" (7.62 cm) from the ceiling^ calculate the same as 
■ for (2) above. ^ . 

Note that, in general^ L will be the same iot transverse and parallel viewing directions. The higher of^ 
"the two values should normally be used to allow for viewing in any direction. Note also that all 
* calculations niust be made for initial conditions. ' . ' 

. A complete discussion of Z and its associate^d system may be found In the Jourml of the 
Rtumimting Engineering Society, April, 1972, page 256 ff.; and October, 197-3, page 31 ff.' 

Example 

A luminaire is X6 be used whose luminances are.as shown Figure 1 on page 28 and whose 0-60^ and - 
€0'-9(f fluxes frbm photometric data are 4,485 and 1,513, respectively. The ^yejghted average luminance^ 
is^to be determined for the crosswise viewii^ direction. ^ ' . ^ ^ 

The -luminances are read from the curves and entered on the work sheet on pag^ 27. These values are 
multiplied by the multipliers (T) and summed to obtain the L^^hich in thiUase is 400^0. 

The correction factor 0 (flux) is obtained from Table 14^ ,**^orrection Factor0Table forObtaining 0^ 
When Ratio B Is Less Than 4 and Greater Than 1 0/^ afler determiiiation of the flux ratio B: 
_ ^ _ Flux 0-60 _ 4^ _ ^' 

^ . . ^ " Flux 60-90 " 1.513 " ^ 

The correction factor is found tq be 1 .38. The corrected value for L, then, fs:' 

■ Lco„= 1.38' X 400 =,552. 
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Comdioii Faclor p Table for Obtaining 0L When 
RatiQ B Is Less Than 4 and Greater Tlun 10 . 



B 




1 


2.34 


2 


' 4,68 / 


3 / 


, ' 1.38 


4 


1,20 


5 


LOS ^ - 


6 


0,990 


7 


0520 f A, 


8 


° 0,862 / 


9 


0.815 


.10 


0,775 


12 


0.710 


14 


'0.659 


16 . 


' 0,618 


18 


0^584 


• - ■ 20 ' 


0*556 = 


30 ■ 


0,457 


40 


• 0,398 


50 


' 0,358 


60 


0J28 


' 70 


. 0,304 . 


-80 


0,286 


90 


0.270 


100 . . 


0.257 



f ( 
i 



■■■■ 

/ ' ' ' - ■ 



0 
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Appendix II , - ^ _ 

Averaging of Wall Reflectances 

The usual assumption of uniform wall reflectance will nearly always be inadequate^ In most cases it will , 
be necessary to know the average reflectance of all wall surfaces taken together. To determine this, first 
multiply the a rea of each wall surface by its reflectance. Then add the surface areas, and divide by the area , 
of the waUr^-^"^"^^ — ^ ■ , ■ 

' ^ Pav ^lpltA2 p2^ \pn \ . 

For example^ suppose one wall of a Classroom 30'(9.14 m) long with 7J4' (2.29 in) from work plane to 
ceiljr^ cavity plane c<Mitains two chalkboards with a reflectance of 12 percent and ^n area of 60 square fe^t 
(S,47<m^) and one tackboard with a reflectance of 40 percent and an area of 46 square feet (3.11 m^). 
Suppose, too, that the remainder of the ^ali is pairfted so that it hasa6S percent.^flectance.Thus: 

Chalkboards; 0J2X 60= 7-2 ^ ( \ . \ \ 
Tackboard: 0.40 X 40= 16.0 : 1 ' r ' ^ 

■ ^ WaU; 0.6S X 125 ^= 81.25 / \ \ \ j . ^ 

A X ■ =10445 , . i K , 

IW.45 ^^^^ "^^ , ! ■ 

Pav = = 0,464 = 46.4 percent ■ 

If the other three walls have average reflectances of 38.2 percent, 57.5 percent* and 34.6 percent* tlie 
average.ofallwallsis; ... . 1^^^ 



p3^"^ 38.2 f 57.5 f 34,6 46.4 = 44.2" percent 



Windows are not counted in jleterminjng average wall reflectance since their effect is variable and is 
accounted for in Modifier VII.' * " ^ 



Appendix III 

Calculation of Uniformity of Illumination 

The degree of unifornuty of illumitiation can be calculated as follows: 

1. Select the point of Jowest illumination iti the seating area. This point can usually be selected by 
inspection of the design plan. , ' ' 

2. Calculate the illumination at thist potnt by any applicable standard method. 

3. Calculate the avenge illumination by the standard zonal*cavMy metho^d. 

^4. Divide the illumination. at the low point by the avenge illumination, if the figure thus obtained ts less 
. ^ than 0.70/ deduct th^, points from tfte base values as shown for Modifier VIII on page 12> or revise 
|!he system to improve tii/uniforniity; 

, 5./lf tite luminaiies do not at, any point exceed the rated spacing^to*mounting height ratio for the 
' luminaiie involved^ it may be assumed that the system meets the 0.70 minimum^to^verage criterion^ 
and lio computations need be made.^ , ^ . ■ 
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Appendix IV 



Calculsdion of RVC 

The relative visual comfortj or RVC, is related to the visual conifort probability (VCP)* Ifa VCP fpr the 
specific conditiom of the installation is available, it should be u&ed in preference to calculating an adjusted 
base value from bases II, III, or J|Vj which will be similar to the VCP but not necessarily identical in value. 

There are four methods of obtaining a base value for a given installation. They are described below in the 
order of their accu'acy with respect tp the VCP. The most accurate is described first. 

i.. Obtain a VCP for the exact conditions of the installation (Base Value I). This may be obtained by 
means of availal^Ie computer services or may be ^calculated by hand (See lllumimting Ettgineering, 
October, ^1966, pp. 634 and 643). 

2^ Select a VCP value for standard conditions (usually 80 percent ceiling, SO percent walls, and 20 
percent floor cavity, 100 footcandles [1,076 lux]) from a table for the lundnajre used (Based Value 

■")■ , ^ ■ , , ■ , ^ 

3. '0btaih a Base Value III as follows: 

4. For all recessed or surface-mounted ^unjts with less'tlian IS percent uplight, use the.^'direct unit'* 

.value. * ' ■ ^ ^ ,__ 

b^ For totally^indirect, cbve; and diffusing luminous ceiling systems, use the 'luminous ceiling*' value 

for the calculated illununation level, interpolating as necessary. To qualify, the system must cover 

at4east^80>-percenV<^f^thfr^iling-a^ea*Jf<^the'W 

luminance when viewed at^4S^ is more than two times the luminance of ttie same area viewed at 
7S^,tre4t the sys^tem as an individual fixture s'Vstem as in the first methott described alTove. 

4. Obtain a Base Value. IV as follows (use Base Value IV for all pendant systems r. surface -niounted 
systems with more than IS percent uplight): « ' '~: 

a. Calculate X for the luminbire in the parallel and transverse directions. Use the higiier L o^ thpse 
c r determined. Use the procedure given in Ap[>end]X I and the data from tKe worksheet to calculate 

b. Select the line in the table nearest the fixture uplight/downlight distribution, and determine the 
base yalub for the illumination level and luminaire E to be used, interpolating as necessary'. 

After determining the \initial base value by one of the four methods describe(t above, establish the 
applicable modifiers as shown ^on the checklist on page 13, and add tlje values to the base value. The final . 
RVC may be highej[^orlowei; than the original t^ase value, (depending on the total effect.of the modifiers. 

* ■ . ■ * Example 1 % ; ■ 

, In a proposed ^stem 2'^ 4' (0.61 m x 1.22 m) recessed luminaires ^th tow. brightness lenses are to be 
Msed in a 30' x 30' room with a lO' ceiling (9.14 m x 9.14 m X.3.0S m). The refiecUnces are to be -80, 
percent on the ceiling, SO percent on the walls, and 20 percent from the floor cavity. Tj^e level of 
illumination will be 100 footcandles, and from the publishec^ tables provided by the' manufacturer, the VCP 
is found Ip'be 74'. , ^ ' , v ' / f t 

The room siz^, reflectances, and level of illumination are the same as those on which the VCP table is 
.;|based; consequently^ the first five^ modifiers do not apP^- 

a. ThcVCP rating provided by the manufacturer is . ^ . . . * . . . 74 

" b. Modifiei VI: There will be no excessive Wall lumir^nces; therefore, mod^^ .... Q 

.c* Mjdifier VII: /nie north-facing^ windows are 1o have glass with' a 30 percent transmission. 
The sky'b'ri^tness seen. tfarougH tht; windows will be 1,000 footlamberts, the task 
brightness will be^70 footlamberts, and the window-to-task luminance ratio is 14.3:1. The 



^ addend^ as described in Modifier Vll^isa negative two points for each full multiplier over 

■five,whichjneans-2X(14.3-5)or . . . ^ —19 

d. The niinimum level or illumination with the proposed spacing of luminaires wtit be le$s. 

than70percemoftheaverage.Themodifietforthiscircumstancei£ : - 3 

. e. The manufacturer's photometric data show that the maximum luminance at 4^^ is six 

timesjhe average at that angle. In abcordance with Modifier IX.this/equires an addend of - 1 

Thus, the RVC rating is 5 U and the grade is F. "sT 

Example 2 

* In a proposed system surrace*moilnted lumlnaires^ with iO percent uplight are to be installed in 60' x 
60' roijms with 12' ceilings (18.29 mX 18.29 m x 3.66 m).The ceiling is wWte with 80 percent reflectance; 
the average reflectance ofpll four walls is 60 percent; and the floor cavity reflectance is 23 percent. The 
illumination'level willt)e iJjQ footcandles. The L has been computed to be 380 roptlamberts.The VCP for 
surface-mounted luminaires it taken from Base Value 1[[> direct lumlnaires, and is found to 74. 

\ i. TheyCPis ^ . .T. . . 74 

b. Modifier 1 (60 percent wall reflectance) is ^ ^ . . . ; ^ . . ^ -¥2 

c. Modifier ir(23 percent, floor cavity reflectance) is ^ ^ ..... l 

d. .ModiflerlU(60'x66' fj8.29mx 18.29m]room)is . f .'^ - 3 

e. Modifier IV (12'[3.66 ml ceilings) is . ." . . . , .\ ' t 1 

f. ModiflerV (330-380) is : * . - 3 

^ ^ 26 . ^ . ' ' ' 

g. Modifier VI (excess wall luminance) is . . i 0 

h. Low*transmi$sion glass provides direct glare control, but sunlight enters the west rooms. 
Modifier Vli is . v - 2 

i. The minimum level is more than 70 percent of the averagefrModiflerVlU is 0 
Tj." The maximum luminances at all angles of viewing ^re less than flve times the average. 

Modifier IXis \ . _0 

The RVC rating is70, and the grade is C.^ 70 

/ ' , ^ ^ \ example 3 * . 

Semi-tntliiect lumlnaires with 60 percent uplight and40 percent downlight ^re to be mounted 8' (2.44 m) 
above the floor in 30' x 30' x 12' (9,14 m x 9.14 ^ x 3.66 m) rooms. The ceiling reflectance is 80 
percent^ ttu* average wall reflectance is 40 percent, and the floor cavity reflectance is 30 pereV)t. The level 
of illumination is to^be 90 footcandles, and the T has been computed to be 450 footlamberts. \ 

The base value is taken from Base Value IV, and by means of interpolation jor 90 rootcandle\ the- value 
.is found to be 75. (No reduction is made for the slight difference between ^0 L and 450 L.) ^ ^' 

a. TheVCP-is . . \ . . . \ . 75 



-b^^Modifier i (40 percent wall reflectance) is *. . . ^ . - 1 

;^.c.**Modifler U (30 percent floor cavity reflectance) is ." ^ . ■ ■/ ■ ■ 3 

- tl: Modifier 111 (room size) is ". \ ■ 0 

Modifier IV (ceiling'heighl) is . t 1 

f. L has.been included in Base Value IV value. Modiflei Vis therefore , ^ 0 

g^US^ifier VI (excess wall brightness)is ... i ... . 6 

h, The^'^dows are glazed With lowtransmissioi) glasst and the roof overhang provide 

;(rom direclsunlighLMddlfle^Vll is . ^ 0 

[f^rVjIl(honuniformityYflllumination)'i$ -. . . ^ « : - - - ^ , ^ 

The.RVC rat^9gis78,and the grade isB. ^ " ■ ' ^ 

From the (hree examples one can sec that eacli of the modifier^ has a definite bearing on the overall 
equality of Ithe proposed ligliting system's. In each case the requirements for raisiilg the evaluation score are 
evidenr. - / ' * ' ' . 



Appendix V 

Field Evaluation of yep or RVC 

No imtrumenution is currently available for making a visual comfort evaluation in the f^eld* However rit . 
is possible to measure the parameters and compare them to those used in the design^ Thia approach is 
paiticulaily appropriate when changes from the design have been made; for example^ a substitute luminaire 
has beenrused or a carpet of a different color and a different reflectance has been furnished. 

Since measurement of luminaire* average brightness^ or L, is not practical in the Held, it is suggested that 
' the fuminaire used in the installation be compared with its description jn jhe photometric data report^ 
particularly with respect to the type of light control panel> }amp used, dimensions, and finishes. A further 
check can be made by measuring the maximum luminance at sonie4n|!% reported in the photometric data 
and comparing this value^Mth the reported one. Should .the measured luminance be substantially higher 
than that reported in the data^ one may assume that the luminaire is not as described In the data. Such 
measurements must b^ conducted with care^ particularly, m the area *'received"^by the meter^ which must 
be 1 .square inch (6*45 cm^)*- It should also, be noted that the luminaire luminance will be increased by 
reflection from the room surfaces* While for lensed luminaires this will not normally result in an appreciable 
percentage increase* in the caseof diffustniunits-i^rticulaTly those oflow average luininance--the bottom 
.panel luminance may be increased significantly* this increase must" not be uken as an 'indication of 
noncoriforn\ity with the specifications* Its magnitude will usually be approximately equal to the floor 
luminance* which m^y be subtracted from the luminaire vzl^e to find the true luminance* AltemaUveV*in 
the cas^ of a recessed system^ tfie ceiling halfway between the fixtures may be measured and this value 
subtracted from the luminaire reading. As an alternative^ the fixture being tested may be turned off, aijid its 
luminance from only reflected light can be measured* _ ■ ^ > 

'Reflectance measurements in the field are most readily made by comparing theluminance of the surface 
to bemeasured to that of a sample of known reflectance held at the same point* The luminance readings are 
then proportional ta the reflectancest Care should be taken that such measurements are not mkdi $t angles 
at which light may be reflected semispecularly from the surface* ^'^'^ ' 



Appendix VI 
Cialculation of ESI 



The ESI rating shaU be that value that is ptovided \?y the lighting system for the standard school task 
(pencil handwriting), viewed at an angle of 25^, on 85 petcent of the work area fit tandom viewing 
directions. The statistical tolerance k*Vel shall be 99 percent. " _ " ^ 

The ESI rating shall be calculated in accordance with the tecommendatipns of the Illuminating 
Bngine«£ing Society in its Recommended Practice for thi Specification of an ESI Rating in Interior Spaces 
WhenSpedfic^Task Loc^ation^ Are Vnknown* The procedure for calculation ts h follows: 

, L Select a typical classroom. T)us should be the room that is most common in size and shape, if the^ 

irea of the room exccedsJTOO square feet' (83.61 m^), auction this size or smaller, divided along 
. logical partitioning lines, snail be tised*, ' V 
, ^1 Detenninra computational grid in accordance with 'the guidelines \n Recommended Practice for the 
" ' Specification of an ESI Rating in Ihterhr ^ces ^ken Sp&cific,Task locations Are Unknown, ^ot^ 
that the spacing of the grid points must not exceed one^fifth of the distance fronxthe work platie to 
the luminaire (or the ceiling if^th^ ceilipg^is tt^e light soutce)* It is tecommended that a spacing of ! ' 
(0^30 m) be used. The cornpp^|tWiiai^d mij^ cover all portions of the classroom atea that ate 3'- 
(0.9J jh) or more from ther^i^s ot extreit}|t!^i>f the area. Small irregularities 6f the wait may be 
- i^ored. . t ■ 

3. Calculate the ESI values for all {K>fnt^^|»n the grid for four otthogonal lateral viewing directions 
(no^h, south, east, and west, for example). Note that if the system is biiatetaily symmetrical, only 
half <^f the points need be cohiputed; ff it is quadrii^terally symmetrical, only one-fourth need be 
computed. . . ■ ; 

4. Detennine the ESI value attained ot exceeded oyer'85 percent of the.grid. This value is the ESi rating 
for the, installation. Note that since all points on the grid are coipputed, the statistical tolerw,ce level 
is automatically 99 percent. The random sampling proceduie Xti'' Recommended Practi^for the 
Specification ofm ESI Rating in Interior Sptwes When Specific TaskLocations Are Unknown may be 
used in this determination if a system is completely asymmetrical and thus requites an excessive^ 
number ot' computations. In this case the statistical tolerance level must be at least 95 percent. 

For schools tii&t are planned. for daylight use only, the "contribution'' of tiie dayligh'ting system to the 
ESI requirement may be included. Caicubtion^ should be based on th^ common-worst daylighting 
conditions for thei^particuiar .location and orientation of the classroom. Computet programs for this 
computation are cutrently being developed. The use of daylighting to provide as much as [^ssible of the 
required illumination, commensurate '^vith hcat gain/loss requirements, is strongly reWnfmeYfded. ^Switching 
should be utUized'to supplement daylight when necessary and to provide for ratecf* conditions during night 
use. . „ ' ^ ' ■ 

Providing/lighting systems with different ratings for day use and night use may be desirable in some 
instances. 

Example ^ 

ATOom^ir30' x:^O^with^eiling heightnof 9' (9rl4TTrx-9:^ m)r The ccilinsrrefleiitancc isrSO^ 

percent, th^ wall reflectance is 50 percent, and the floor cavity reflectance is 20 percent, The luminaires are 
2' X 4' (0.61 m X 1.22 m) fluorescent recessed, two lamps each, equipped with panels designed for tlie 
production of high ESI. The luminaires are 20 in number, arranged 6' x 8' (1.83 m"x 2.44 m) on centers, 

The comptitatibnal grid i^cJected to begin 3' (0.91 ^m) from the wall on all sides. Since the room is 
quadrilaleralty symnietticalt calculations are carried out for only onc^fourth of the room, at the center of 
each I square foot (0.09m^) of area. 



24 ■ 

30 



25 



ESI and footcahdle values are given in the computer readout for each location and for all four viewing , 
directions. The computer then detennines that the ESI is equaled or exceeded at percentages of the 
computed points from 70 percent to 99 percent and tabulates them. The tabulation shows that the ESI 
rating for 85 percent of the work stations is 44. The grade is therefore a very high The use ofa higher 
lumen lamp or a more efficient luminaire or some other modification could improve the system enough to 
warrant ratingit, in the B category. 



' * < 




Appendix VII 
Measurement of ESI 



One method of measuring ESI for -the pencil task and 25° viewing angle is by the pse of a visual task 
photometer. Two other instruments-^one visual and one photoelectrjc-can also be used. However^ neither 
of the two instnim^ts is cunently being produced commercially^ and the use of a visual task photometeris 
generally impraictical- 

In place ot direct measurement^ the following procedure'may bi? used for verifying the attainment of 
calculated performances. !The only instrument required is ah Illumination meter. This meter should be 
accurate within plus or minus 5 percent and linear within 2 percent. A linear scaje.tneter is desirable^The 
meter must be accurate^ cosine corrected. . ^ 

L Verify that th^ geometry of the system Is as determined in^the computations. The locations" and 

dimensions of the lununaires> the room dimensions^ and the reflectances may be determined either 

visually or by means of a simple measurement. 
Z Verify that the luminaJfe characteristics are as reported. Essentially* this consists ofverifying thgt the 

luminalres actually used on the job are those for which the computations were made. 
3s Measure the illumination at several of the calculated points. If the illumination is as calculated and 
' the verlftcati6ns described in steps l^a^d 21iave been made^ the actual ESI should be about the same , 

as the calculated ESI- - I 
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A^|)endix VIII 
Additional Technical Data 



Work Sheet for Computing L 

(I^afa are for Luminaire XYZ viewed crosswise.} 



. Angle from nadir in degrees 



Averag? L (ftl) 



L'XT. 



I^ewing 
direction 



85 
80 
75 
JO 
65 
60 
55 
50 
45 
40 



250 

305 

355 

390 

420 

435 

,440 

^5 

445, 

440 



0.0375 

0.1080 

0.08»4. 

0.0703 

0.0543 

0,0406 

0.0312 

0.0229 

0.01,59 

0.0102 



Total 



9.4 
33.0 
3.13 
27.4 
22.8 
17.7 
13.7 

47.1 ■ 
4.5 



177.1 



Diagonal 
...(45!)»- 



85 



75 
70 
65 
60 
55 
50 
45 
40 



305 

415 
455 
480 
490 
■ 485 
480 
475 
470 



0.0203 
->0.H)65— . 

6.1022 

0.0841 

0.0681' 
,0.0507 . 
.0.0333 

0.0214 

0.0109 

aoo2i 



6.2 
37.8 
41.4 
,38.3 
32.7, 
24.8 
.16.1 
10.2 
5.2 
1.0 



Total - 



213.7 



'90° to 
viewing, 
.direction 



80 
75 
70 

55 



380 
440 
475 
495 



0.0046 
0.0096 
0.0052 
0.0017 



1.7. 
4.2 
•2.5 
0.8 



Total 



9.2 



Flux ratio test; 



Flux.' 0-60 
Hux 60-90 



4/J85 ;_ 



TOTAL 
.L = L}(.T« 400.0 



Jf less than 4.0 or greater thap 10, 
multiply by factor P = 2.34 (B--'^8),' 
,0=1,38 



See Table 14, page 18. 
L corrected = 400 X IJ8- 552 
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i 



750 
700 

6S0 

W 

" 550 
500^ 
450 
400 

, 350 
300 
250 
200 
150 




. lite scissors curVe^ a former standard of light' 
T '"S excellenoe: Acceptable Ibminaire perfor--^_. 
^ mance occurs at any point between the dashed \ 
lines, ' ^ 




^ii:, ™.- 



85° 80° 75° • 

Transveise plane 

^Parallel plane — : 

Diagonal plane . 



70' 65° 60^f ^ 55* 

' ^ - / Angle from nadir 



50^ 



...... ^^^t,-' * 



45° 



0 



Ffg. 1. Average luminance for Luminaiie XYZ 
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5.04.1 Lighting Design and Evaluation 
March* 1978 



School distfict J 

Dtstric't leprescntative . 

School 

'Addiess ^ 



Basic Data and Grading Form for Exbting or Proposed Lighting System 
I : Date 



. Architect 
-Engineer - 



The^evaluatioir procedure is based; in part, on the following dz^r. 

L Room dimensions: Width length , Height. 

2. Average reflectances (in percent): 
a. Ceiling . 



d. Front wall. 



K Right wall. 
. e. Rear wall - 



.c. Left wall. 
Jf. Floor 



3. Description of the lighting system (type^luminaire locations, and so forth): . 



4, Luminairedabr , . 

a. Manufacturer (Attach photometric data to this form.) . 

b. Catalognumber 1 



c. Numberandtypeof lampsperluminaire. 

d. Brief description of lumuiaire 



Visual Comfort 

1. Provide computed VCP if Base Value I is used: 



Provide value from ycp table if Base^Value.II is used: . 

Provide computed value of L if Base Value III or Base Value IV is used: 



2. Enter in Table I below, the apph'cable base value and the selected or computed values for the appropriate modiflers. 
.. Add all flgures in the applicable column to detenhine the RVG, (fie sure to use only one vertical column.) 

' . TABLEI, ■ ' 

^ Base Value .Categories and Modifiers ' ' ' 




NOTE: Hatching indicates ihat no^modiflqition is applicable. (See page 7/^Base Value I") 



3. Explanation of modifier data: 



35 , 



ERIC : 
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5.04J Lighlting Design and Evaluation 
March, 1978 



Visual Perfofinance , . . . 

1, Attach or prepare in the space provided below a scale drawing that shows the foltowing: 

a. Reflected ceiling plan shoWing luminaiTe locations 

b. Floor plan showing location of grid for ESI computations, including spacing of points and viewing direction 



2, Provide computer data for CRF-ESI computation if anysystemother than that o"utIined in Appendix VI is used. If the 
latter is used, fillin Table IL ^ 



\ TABLE II 

Average Initial ESI Fooficandle Level and Viewing Direction- 
1. Average initial ESI foot<^andle level : ^ 2, dewing dif^^i6n 



Gndes(See page 16, tables 12 and 13.) 
Visual comfort (VCP or RVQ (from Table I) 
Visual performance (ESIHFronTTable llf 



\ 



Actual value Grade 



Engineer's sipiature — ^ 

Architect's signature ^^_L_ 

Signature of School Facilities 
Planning Representative ^ _L_ 



Date, 

Date- 
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5;04.i Lighting Design and Evaluation 
March, 1978 



jBasic Data and Grading Form for Existing or t^oposed lighting System 



School dist 

District representative tJotIM AfiEKir 



Date mmaw la i^g 



-Engineer -^ffiHj 



Length 

Right wall 
Rear ^yall 



The^evaluation procedure is based, in part, on the foliowinjdatav* 

■L Room dimensions; Width 

2. Average reflectances(in percent) 

a. Celling 

d. Front ^all^SQj^ - 

3^ Description of the lighting system (type, luminaife locati; 

4^ Luminaire data: 

ar Manufacturer (Attach photometric data 
b^ Catalog number - 





> c. Number and type of lamps per 
d« Brief description of luminaire 1 



Visual Comfort- 

1. Provide computed VCP if 





alueiis used: 



Provijje value from VCP table If Base Value JI is used: : 

Provide computed value of Lif Base Value III orBase Value IV is used: It 



2. Enter in Table I below, the applicable bdse \ralueimd the selected or computed values for the appropriate modiflers. 
Add all figures in the applicable column. to deterniine theKVC. (Be sure to use only one vertical cdhimn .) 



TABLE I 



Modifiers 


Base Value I ] Base Valn/tH^ • 


Base Value fl' -7* 


Base Value IV 


-Modifier 1 












Modifier II 












Modifier III 








-O 




Modifier IV 








Q. 




Modifier V 












Modifier VI 


f 




o 




Modifier VII 






-4 




Modifier VIll " 
Modifier IX 






— o - 
o 




Modified total 
(RVC> 






-70 





NOTE: Hatching Indicates that no modiflcatjon is applicable. (See page 7, "Base Value V\) 
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Vmul Perfontunce f \ . \ . 

1 ,^ Attach or prepare In the space provided below a scale drawing that shows ttHsCaUpiviK^ 

a. ^Reflected editing plan showing lutnlniire locations ■ , ,. " 

b, Floor plan showing location of grid for ESI computations, includlngspadng of points and viewing direction 




2. Prowde computer data 
latter'is used, fill in Table 




W5 

tpVESI computation if any system other than that dutlmed 4n Appendix VJis used. If the 



. ^ TABLE!! 
Av^rag^ initial ESI Footcandle Level and Viewing Direction 
1. Average initial ESI footcandle level_:_44^_ 2, .Viewing direction W* 



Crid«i (See page 16, tab{n 12 and I J.) 
Vtajal comfort (VCP or RVC) (from Table I) 
Visual performance (ESO (From T^bte II) 



Actual value Grade 

TP ^ 
44 . 



Engineer^ signature- 



Archit»ct*s lignatuie OSi^J^MiSt^ 




Slfaitui)e of School Facilities 
Raimlug RtpMsentatlve 



Date 9?M^}S,iS7& 
Date fjp^^^m 



Example Computer Printout 
on a Proposed Lighting System 

cufTOMCitt Stat* of Cdifornto 
^nojKT ocfCumTtoKt Typicot Ciottroom Lighting : 
LUMlMjkmc MAHUMcwucn : Commirciolly AvatlobU x 4 Trof ftr 

, LUMtMAfHC MUMKIt; ABC 000 
^HOTOMiTHtC TltT UCMliT: SC2 tl78*| ^ 
: UM^ OMMiNd^AMty^ATtOH:- F40CW 

LUMCM^ PtU OATt: 3150 ' 
LUMWAtut oniiHTATio*f: North - SOilth 

u«HT LOSS FACTon: t AMtgntd ^ 

MouMtmo hcijiht: 6;5 fftt obovi workplona \ . 

f - f 

Number of Lumlna{r*» InvtalUd : — _20'" - ■ 

r ' > Avtrag* Ulumin.atlon, Footeon(tl««_,-_ 86 

ROOM DIMENSIONS, REFLECTANCES AND LUMINANCES 
North Woll 3O.0 fMt Rtfl. 80 % Lum « 2$, 1. Ft L ^ 

Efl»tW«n- 30,0 fMt , Refi, 50%^ Lum = 26.9 Ft; L ' 

Swi'tlfl Won 30.0 ft*t RtfJ, „ 60% Lum * 26.1 Ft, L 

' WMt Wall . 30,0 fMt , Rtfl 50% Lum * 26,0 Ft. L 

Cviling Covlty 80% >t»fl, f /Luminone* I6\7 Ft. L 



gQUtVALENT SPHERE JLLUMlNATtON ■ FOOfTCANDLES. INITIAL DISTANCE FROM THE-^EST WALL 



3.5 


-4.5 


5.5 


9.5 


7.5 


< 9.5 


9.5;, 


10.5 


1L5; 


12.5 


t9.5 


14.5 










ESI 


LOOKING 


NORTH 




^ - 








69.5 


*T4.2^ 


77J2 


99. t 


/ 47. 7\ 


49.9 


97.9 


94.7 
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THE (AVERAGE ILUMINATION AT THESE POINTS IS 98.7, THE LEFT COLUMN 
IS OI&TANCE FROM THE SOUTH WALL. 

THE 'following ESI RATINGS ARE BASED ON THE ACCEPTED Ies RATING 
^YStEM FOR THE ABOVE VIEWING DiRECTlONR AND POINT LOCATIONS: . 

ESr FOOTCINOLES PERCENT WORK STITlONS TOLERAHCE LEVEL 

54 70 99 

. . '"^52 15 99 

47 : , ■ 90 .99 

44 ■ ^ 65 99 

40 , 90 ■ 99 ■ 

^ 35 ^ 95 99 . 

27 99 99 

JME LUMINAIRE CENTOS ARE LOCATED AT: 
N9HTH - SOUTH O'ingCTION 3.60 . 11.00 19.00 27.00 

" EAST-WEST OIBECTION 3.00 9.00 15.00. ' 21.00 27.00 

THE NORTH - SOUTH DIRECTION DISTANCES ARE MEASURED FROM THE ?OUTH 
WALL, THE EAST-WEST DIRECTION /DISTANCES ARE MEASURE© FROM THE WEST 



A list of firms offering computer services required for this procedure !s availabte for revievi^ in the offices of the; 

CaUfomia State pepartnwnt of Edtj^tion 
' ^ Bureau of Schiiol Facilities Planrith^ ' 
721-Capito( Mall : -^^^^ 601 West Fifth Street . 

Sacramento, CA 95814 ' - - ^ . Los Angeles^ CA 90017 



Appendix IX \ 

Glossary of terms, Abbreviations, and Symbols 



Cdndek (cdf. An international unit of luminous intensity. 
Candtepower (cp). A measure of the intensity of emifted 

light in a given direction. 
Centimetre (cml A ihetric unit of length equal to 0 
Coefficient of utilization The ratio of the luminous flux 

Oumens) from a luminaire received on the work plane to 

the lumens emitted by the luminaire^s lamps alone. 
Contrast rendition. A meafure of the extent to which the 

contrast between the dark arid tight portionsof a taskis 

maintained by the lightii^ system. 
Contrast rendition factorJCRF}. The ratio of the contrast - 

of a tasic under a given lighting system to that 'of the 
. same task under uniform jiemispherical lightings mea-* 
^ sured by means of the visual task photometer 
Es, niumiiiationonthe task with the sftiield in place. 
ESL Equti^alent sphere Slumimnce. The effectiveness of a ^ 
^ lighting system in rendering contrast /expressed as the 

amount of illumination required from a uniform hemi* 

spherical lighting' system, to' produce the same visibility 

of the task as does the UghtingV^tem being investigated. 
Et* Average initial illuminatfon t6!yel. Fpr measurement it is 

the iilumtnation without the shield in place.^ 
EvK Total illumination from the veiling reflection (glare) 

zone. * 
floor cavity. The space between the work pUne and the 

Jloor. 

FoQtcandk (fcl A measure of the amount of iHumtnation 
on a surface. 

Fcotti/Mhert (ft}. A nSeasure of the luminance (l^rightness) 
of a surface. 

Jtftmeflected flux, Light^that Ms on a surface after-first - 
being reflected one or mom^ times from su^aces within 
the room. AUlig^tona suiiface except that'which comes 
directly from lumin^res. 

Ell-bar. Weighted avefage luminance of aluminaEre^deter^ 
mined under (he EACG (equal ar&a> equal glare) system. 

iwm^WL Aunitofiight * , . 

Luminance. JhH intensity of Ught emitted or reflected firom 
a 'suiface^ in a giv^. direction per unit area of the ^ 
- surface. Commonly called'^brigfitness.** 



Lux,'' A unit of illumination equal to the direct illumination 
on a surface that is everywhere 1 metre, from a uniform 
j>oint source of 1 candle or equal to i lumen per m^ 

Metreim) A metric* unit of length equal to ^ ^ 

MHwp, Mounting height above the work plane. 

Nadir, A point direct^ oppositt^ zenith^ 'zero degrees 
vertically. " * / ^ 

P-rcent E, Percent of the total illumination. 

Reflectance.- The ratio of light reflected from a surface to 
^ that falliiig on the same surface, usually expressed as a 
percent. 

Room.€a»ity, The space between the work plane and the 
mounting height of the luminatres. 

RVC Relative visual comfort. Where^ for the <^venience 
of this procedure, modifications are made to true VCP 
ratings or other base values^ the result is called RVCto 
distinguish between^the value established by accepted 
procedures and that developed by modification of 
computed values. 

Specular, A type of r&flectance in which light rays are 
reflected in the manner of a mirror^ as opposed to a 
"^difluse^' type, in which light is Scattered evenly in all 
directions. \^ 

Task luminance. The average or overall It^mmance of a 
selected task. For pe^icil on- paper the standara task 
luminance is computed on the basts of an assumed 70 
per^^t'task reflectancel ^ , ^ _ 

Trmsmittance,' The ratio of light transmitted^through a 
panel to that falling on if.;U$uaUy expressed as a 
percent. 

„J^,.Visual comfort probability. A rating that indicates the 
^ percet^t of people who would be comfortable working 

under a given lighting installation. . - 
V^ing reflections. Reflections fro>n the surface of an 

object or Usk that partially obscure the details, thus 

reducing the contrast. 
V7E. Visual task evalua tor. 
VTP. Visual task photometer. 
WL Wall one (or W2 - ]WaU Two, and so forth). 
0.^Correction factor. ^ 



ERIC 



3« 



42 



77-2S 0t|*04a9 300 1^77 4,600 



— « — 



